Introduction
Stress fractures of the femoral neck can be classified as insufficiency and fatigue fractures. The distinction of these pathologies is important because the underlying pathology and treatment is different. Insufficiency fractures result with normal stresses on a bone with reduced strength and associated with different conditions [1] . Conversely, fatigue fractures occur in normal bone of a healthy individual who exercise and do repetitive activity [2] .
Osteomalacia is one of the most common cause of insufficiency fractures. It is a bone methabolism disorder associated with defective bone mineralization. The causes of osteomalacia are varied, but ultimately result in a vitamin D deficiency [3] .
Coxa vara is a hip deformity, which the femoral neck-shaft angle is less than 120 • . This deformity can produce a focal concentration of mechanical stress in the femoral neck and may cause stress fractures [4] In this paper, we present a case of bilateral femoral neck stress fracture due to osteomalacia and coxa vara treated by bilateral Pauwels osteotomy.
Presentation of case
A 26 year-old woman was referred to our department with a complaint of bilateral groin pain for 7 months and difficulty in walking. She denied any trauma. On examination, both hips had normal range of motions but painful in flexion-internal rotation. She was otherwise healthy and she had no medication or drug history.
Anteroposterior view of both hips was taken and a fracture line on the right femoral neck was seen. Also bilateral coxa vara was observed and bilateral neck-shaft angle was measured 113 • (Fig. 1) . Whereon, magnetic resonance imaging (MRI) of both hips were taken. In T2 weighted images, edema and a clear fracture line were seen in the right femoral neck, and a slight edema was seen in the left femoral neck (Fig. 2) .
In her laboratory tests, blood count test was normal. Calcium level was 9.1 mg/dl (range 8.6-10.2), phosphor level was 3.7 mg/dl (range 2.6-4.5), parathyroid hormone (PTH) level was 187.1 pg/ml (range 15-65) and 25-hidroxyvitamin D level was 21.7 ng/ml (range 25-80). Subsequently, the patient was consulted with internal medicine department and vitamin D therapy started immediately. She underwent colonoscopy and the pathologic result was non-specific colitis.
After that surgery was planned. Under general anesthesia, with the patient on supine position, right hip Pauwels valgus osteotomy was performed with a 135 • -angled plate (Fig. 3) . Weight bearing was restricted for 3 months, and after 3 months, she underwent surgery for her left hip and same surgery was performed. After 3 months of non-weight bearing for left limb, she was able to walk without crutches and she had normal range of motions in both hips. After 2 years of follow up, she had no complaint and osteosynthesis was good (Fig. 4) . In the laboratory tests, calcium, phosphor, PTH and 25-hidroxyvitamin D level became normal.
Discussion
Insufficiency fractures occur in weak bone under normal loading. There are several risk factors for these fractures and osteoporosis, osteomalacia, long-term corticosteroid and anticonvulsant treatment, renal osteodystrophy, amenorrhea, fluoride treatment and pelvic irradiation are some of the causes [1] . Fatigue fractures, on the other hand, occurs in normal bone of a healthy individual as a result of excessive and repetitive loading. These fractures are common in athletes, dancers and military personnel and also can result from normal forces on abnormal anatomy [2] . In this case report, there are two factors causing bilateral femoral neck stress fracture. One of them is osteomalasia, which is a common cause of insufficiency fractures, and the other one is, coxa vara, a rare cause of fatigue fractures.
Vitamin D deficiency is a global health problem [5] and can result from inadequate nutritional intake and/or inadequate sunlight exposure, limited vitamin D absorption and conditions effecting vitamin D catabolism including liver and kidney disorders. Deficiency effects bone mineralization and causes softening of the bones. It is called as rickets in children and osteomalacia in adults. In the literature, there are several reports of femoral neck stress fracture due to vitamin D deficiency [6] [7] [8] . In some countries these insufficiency fractures also known as Looser's zones or Milkman's lines. One of the common cause of osteomalacia is the inadequate sun exposure. Over 90% of vitamin D is derived from ultraviolet B light and the rest is obtained from the diet. In a fair-skinned person, 20-30 min of sunlight exposure on the face and forearms at midday are estimated to generate the equivalent of around 2000 IU of vitamin D. A recent survey in the UK showed that more than 50% of the adult population have insufficient levels of vitamin D and that 16% have severe deficiency during winter and spring. The highest rates were found in Scotland, Northern England and Northern Ireland [9] .
Abnormal hip biomechanics can cause stress fractures. In the presence of implants in the femoral neck, gonarthrosis or total knee arthroplasty may lead to secondary stress fractures while the hip anatomy is normal [10] [11] [12] [13] [14] [15] . On the other hand, in the presence of abnormal hip anatomy, as in coxa vara, the deformity can produce a focal concentration of stresses in the femoral neck according to Pawels' laws [4] . In a cohort study, Carpintero et al. analyzed 22 femoral neck stress fractures and found that coxa vara predisposes to femoral neck stress fracture [16] .
Femoral neck stress fractures can be classified as compression and tension fractures [17, 18] . Compression fractures are seen in the inferomedial border of the femoral neck and mechanically stable. Tension fractures are seen in the superior border, can rapidly progress and can lead to displacement [17] [18] [19] . Treatment of femoral neck stress fractures are challenging. Compression type fractures can be treated conservatively because they are mechanically stable. However, tension type fractures need surgical fixation due to mechanical instability. In this case, the patient had compression type femoral neck fracture but we operated her because another factor exist, coxa vara, leading to mechanical abnormality.
Surgical treatment of femoral neck stress fractures include cannulated screws, dynamic hip screw, proximal femoral nail, angled or anatomic plates and arthroplasty. Proximal femoral valgus osteotomy with an angled plate is a good surgical option to align the hip mechanical axis. Intertrochanteric osteotomy was first introduced by Pauwels [20] . It was used to treat many hip problems such as, infantile coxa vara (ICV) and femoral neck nonunions [21] [22] [23] [24] [25] . This osteotomy converts shearing forces into compression forces. This osteotomy can be used in femoral neck stress fractures with coxa vara. Carpintero et al., treated 3 femoral neck stress fracture patients who had coxa vara with valgus osteotomy and obtained good results [16] .
The distinctive features of this case include bilateral stress fractures with a co-existence of osteomalasia and coxa vara.
Conclusion
Femoral neck stress fractures is not uncommon and needs detailed intervention. In these conditions, the accurate history of the patient, sufficient imaging and laboratory tests for bone metabolism must be considered, and adequate treatment should be performed according to the results. Coxa vara can be co-existing pathology and must be kept in mind and must be treated.
